In spite of all accumulated scientific knowledge on the benefits of physical activity (PA) for health, high rates of sedentary lifestyle are still observed worldwide. The aim of this study was to systematically review articles on temporal trends of PA and fitness, with emphasis on differences between children/ adolescents and adults. Methods: An electronic search at the Medline/PubMed database was carried out using the following combination of keywords: temporal trends or trends or surveillance or monitoring and PA or exercise or physical fitness or motor activity or sedentary or fitness. Results: By using this strategy, 23,088 manuscripts were detected. After examination, 41 articles fulfilled all inclusion criteria, and were, therefore, included. The data currently available in the literature for adults shows that leisure-time activity levels tend to be increasing over time, while occupationalrelated PA is decreasing over time. Youth PA seems to be decreasing over time, including a lower level of activity in physical education classes. As a consequence, fitness levels are also declining. Conclusion: PA surveillance must be strongly encouraged in all settings and age groups. Special attention must be paid to low and middle-income countries, where PA surveillance is virtually inexistent.
adults and increasing in adolescents. 3 Although there are numerous studies on point prevalence of physical activity (PA), 4, 5 little is known on temporal trends of this variable and systematic reviews of the available studies on a global scale were not conducted so far. In the US, Brownson and colleagues analyzed data from surveillance systems and found that leisure-time PA was relatively stable or slightly increasing, but physical activity in all other domains was declining. 6 Such data are essential for guiding future interventions and for indirectly evaluating the effectiveness of existing ones. The aim of the current study was to systematically review existing studies on temporal trends of PA and fitness. We emphasize the difference between children/adolescents and adults and across physical activity domains.
Methods
Our literature review was primarily carried out using the Medline/PubMed database. No restriction in terms of date was performed. The only limits used in the electronic search were: (a) the option studies with humans was filled, and (b) the search was limited to articles in English, Portuguese, and Spanish. The following combination of keywords was used to detect potentially relevant articles: temporal trends or trends or surveillance or monitoring and PA or exercise or physical fitness or motor activity or sedentary or fitness.
To select the relevant articles, the first author of this paper examined each manuscript initially. In the case of doubts, the coauthor, who was blinded to the primary decision of the first author, gave his opinion. In the few cases of disagreement (fewer than five), both authors discussed the manuscript until reaching a final decision.
The inclusion and exclusion criteria were: (a) at least 2 data collections were necessary; (b) cohort studies, in which the same individuals were followed-up for a period of time, were not included given the fact that trends in PA in such cases may reflect an age effect rather than temporal trends; (c) PA data, regardless the context in which it was carried out, should be compared between point 1 and point 2 (or other available points).
1988, and after that no further reductions were observed. Another study in the same country that evaluated temporal trends in leisure-time PA between 1995 and 2000 had the same conclusion. 11 In Australia, Bauman and colleagues 12 evaluated participation in PA and walking specifically between 1997 and 1999 using phone interviews. The proportion of sufficiently active adults decreased in the period. However, another study that used data from 3 surveys in Australia detected increases of 8 percentage points in walking and 4 percentage points in moderate-intensity activities. 13 In New Zealand 14 leisure-time PA increased and occupational PA decreased between 1982 and 1994.
In Sweden, leisure-time PA decreased between 1986 and 1994, according to Lindstrom and colleagues. 15 However, Lindahl and coworkers 16 concluded that leisure-time PA was stable in the country between 1990 and 1999, whereas occupational PA was declining in the same period. The authors relate this reduction to the increase in the proportion of overweight and obesity in the country. Contrary, PA increased between 1987 and 1991 in Scotland. 17 In the Minnesota Heart Survey, 18 occupational PA decreased and leisure-time PA tended to increase, but when the cut-off of 150 minutes per week was used, differences were not significant. Jacobs and colleagues 19 compared from the late 1950s and the mid 1980s and detected that energy expenditure in leisure-time PA increased in the period. The utilization of the same instrument 30 years after the first data collection is a positive aspect of the study.
Data from the Behavioral Risk Factor Surveillance System (BRFSS) were analyzed by several authors. In North Carolina, Dubose and coworkers 20 detected an 11% increase in the participation in leisure-time PA between 1994 and 2000, whereas this proportion was stable in the whole country in the same period. Caspersen and Merrit evaluated temporal trends in 26 American states 21 between 1986 and 1990 and found a slight decrease in the proportion of physical inactivity (31% to 29%). Between 2001 and 2003, the proportion of adults reaching PA guidelines was stable, as well as was the prevalence of physical inactivity. 22 In a different report, leisure-time PA was analyzed between 1990 and 1998, and again no temporal trends were detected. 23 Between 1994 and 2004, 24 physical inactivity was evaluated in all states and the District of Columbia, and the prevalence decreased from 30% to 24%. Higher rates of physical inactivity were observed among older adults. These data are in accordance with a previous investigation that concluded that lack of participation in leisure-time PA decreased from 32% to 25% between 1988 and 2002 25 with a marked decline after 1996.
The BRFSS also provides data on walking trends. Simpson 26 and coworkers evaluated walking trends from 1987 to 2000 and detected an increase in proportion of people who walk from 26% to 30% in men and from
Results
By using this strategy, 23,088 manuscripts were initially detected. After reading all titles, 117 were considered as potentially fulfilling our inclusion criteria. After examination of the abstracts, 51 articles were considered potentially relevant and full texts of these manuscripts were examined. The lists of references of these papers were searched aiming at detecting other potentially relevant articles. After examination of the full texts and reference lists, 41 articles were included in the present review. Out of the articles included, 24 used three or more data points for analyzing PA trends.
Studies of Temporal Trends in PA
and Fitness
Adults
We identified 25 articles on temporal trends among adults, although not all used a consistent definition of adult age ranges. Half of the studies identified were carried out in the US, and 2 were conducted in Canada.
One of the explanations for this concentration is the regular monitoring of PA levels in the United States coordinated by the Centers for Disease Control (CDC). Six studies were carried out in Europe, 1 in Asia, and 3 in Oceania.
A wide variation was found regarding instruments and outcomes used. In most studies, the dependent variable was leisure-time PA, which was evaluated in 15 studies. Only 4 studies evaluated all-domains of PA in adults-leisure-time, occupation, transport-related, and housework. Other outcome variables used were leisuretime and occupation PA, walking, strength training, and physical fitness. Table 1 summarizes the articles identified. A single study analyzed separately trends of PA for youth and adults and was therefore presented both here (in Table 1 ) and in the youth's section (in Table 2 ).
Stamatakis 7 described temporal trends of PA in all domains in England between 1991 and 2004. Almost 100,000 subjects aged 16 or higher were included. Whereas occupational PA decreased in the period, participation in sports increased. The proportion of adults reaching current PA guidelines also increased. It should be noted, however, that changes in the instrument of data collection hamper direct comparability between the 2 time points. In East Finland, all domains of PA were evaluated every 5 years. 8 Leisure-time PA presented an increase, while other domains decreased. Consistent results were found in the Lahelma and colleagues 9 study, which was also carried out in Finland.
Bruce and Katzmarzyk 10 analyzed data from 5 national surveys in Canada to evaluate temporal trends in leisure-time PA. After adjustment for sex, age, and geographic region, PA levels increased in the period. The steepest reduction was observed between 1981 and 
Adolescents and Children-Physical Education and Leisure-Time PA
The number of studies on temporal trends of PA in children and adolescents is limited compared with adults. Most studies focus on participation in physical education classes or sports. Only 9 studies were identified: 4 in the US, 2 in Australia, 1 in Switzerland, 1 in Sweden, and 1 in Canada. The outcomes evaluated in each study varied considerably. Two studies addressed specifically physical education classes and another included transport-related PA in addition to participation in physical education classes. Vigorous-intensity PA practice was evaluated in 3 publications, whereas sports practice were compared over time in 3 other studies. Table 2 presents studies on temporal trends of PA and fitness among children and adolescents. Between 1991 and 1997, participation in physical education classes at least 5 times a week in the US 32 decreased from 42% to 28%. The time spent active during physical education classes also decreased from 1991 to 1997. The CDC has analyzed data from the YRBS 33 from 1991 to 2003. Participation in physical education classes was stable from 1995 to 2003 after a decrease was observed from 1991 to 1995, which is consistent with that reported by Lowry and colleagues. 32 Similarly, Adams et al 34 showed that between 1991 and 2003 a slight increase in the prevalence of inactivity was observed (16% to 18%) and participation in vigorousintensity activities decreased from 66% to 63%.
Delva and colleagues 35 analyzed data of children age 8 to 12 years from 1986 to 2003 and described that participation in vigorous-intensity PA decreased among boys and was stable among girls. In Canada, Irving and colleagues 36 studied participation of children and adolescents in vigorous-intensity PA. Overall, no changes 40% to 47% in women. However, the frequency and duration of those walking weekly did not change over the period. Also in the US, Ham and colleagues 27 evaluated temporal trends in transport-related walking from 1995 to 2001 and detected an increase from 17% to 21%.
The CDC 28 has published an analysis of strengthtraining trends in US adults. From 1998 to 2004, slight increases were observed, from 18% to 20%. Physical fitness of US army subjects was analyzed from 1975 to 2003. 29 Muscle strength increased over time, whereas muscle resistance was stable in the period. Maximum oxygen uptake did not change over time in men and increased by 6% in women.
Ku and coworkers 30 used data from four national surveys in Taiwan to described temporal trends in leisure-time PA. Among young adults, leisure-time PA decreased significantly over time, whereas among the elderly no substantial changes were observed.
University students from 17 to 30 years of age from 13 European countries 31 were included in a study on temporal trends from 1990 to 2000. A single question on exercise practice in the 3 weeks before the interview was included. In some countries, exercise practice increased (Belgium, Greece, Spain), whereas in others (Hungary, Netherlands, Poland) it decreased.
In summary, 17 studies detected that PA is increasing over time, 3 concluded that PA is decreasing, and 5 detected a stabilization in PA levels. After carefully evaluating these findings, it is clear that the domains of PA evaluated in each study explain part of these differences. Leisure-time PA in adults is increasing over time in most studies, whereas work-related PA seems to be decreasing. For transport-related and housework PA it is not possible to draw a picture due to the limited number of publications. There was a substantial decline in the proportion of sedentary individuals, in both cities investigated.
Abbreviations: PF = Physical fitness; PA = physical activity. Abbreviations: PF = Physical fitness; PA = physical activity; PE = Physical education.
Table 2 (continued)
US students age 17 to 18 years were measured in 1987 and 1997. 45 A physical fitness score ranging from 0 to 100 was constructed. The score included muscle strength and resistance, strengthening, and aerobic capacity. The score increased among girls in the 10-year period and no differences were observed among boys.
In Australia, aerobic capacity of adolescents age 12 to 15 years was evaluated, using data from 1995 and 2000. Aerobic capacity was reduced in the period, although a certain degree of selection bias is a possible limitation of the study, as stated by the authors. 46 Tomkinson and coworkers 47 reviewed trends from 1981 to 2000 in the results of the Shuttle Run test in 11 countries. Performance in the test tended to worsen over time.
Einsenmann and Malina 48 reviewed the literature (from the 1930s to the 1990s) on temporal trends in maximum oxygen uptake among 6 to 18 year-old subjects. In boys, no differences were observed over time, although a decline was detected among girls, from 41.6 to 33.4 mL•min −1 •kg −1 .
From the literature review, it is possible to conclude that physical fitness among children and adolescents is decreasing over time, particularly among boys, although the sex-differences are not consistent. Only 1 out of 7 studies detected an improvement in fitness, and this was observed in girls only.
Discussion
Our review shows that PA surveillance is either rare or the results are not frequently presented in the peer-reviewed literature, with the exception of some countries, such as the US. 22, 23, 25 More importantly, PA surveillance presents a high degree of inequality; low-and middleincome countries are much less likely to monitor PA or to publish results of existing surveillance systems than high-income ones.
Some limitations of this systematic review should be discussed. First, we may have lost governmental documents and reports that are not published in the peerreviewed literature. In addition, because our search was restricted to 3 languages, a few studies may have been lost. Finally, studies published in nonindexed journals are difficult to locate and were only included if they were part of the list of references of the articles identified in the electronic search.
Other methodological aspects of our review should also be mentioned. First, we restricted our analyses to studies of temporal trends without including analyses of intervention studies, in which changes in PA were likely to be a consequence of the intervention instead of temporal trends. However, PA trends in a given country may be influenced by existing interventions, and such studies were included. Our restriction was applied only to studies that specifically evaluated a given intervention. Second, we opted not to include cohort studies, because PA changes may reflect the aging of the cohort more were observed over time. In Switzerland, 37 the proportion of "no participation in sports" increased in girls age 16 to 20 years from 18% to 31% between 1993 and 2002. Among boys, the increase was from 14% to 21%.
In Sweden, 38 however, participation in sports increased during the years 1974 to 1995 from 53% to 61% in girls and from 68% to 72% in boys. In Australia, participation in sports among subjects age 10 to 13 years decreased from 87% to 76% in boys 39 and from 80% to 71% in girls. Salmon and colleagues 40 also found that PA is decreasing in Australian children and adolescents (age 9 to 13 years). The authors also found that the mean number of days per week using active transportation (walking and cycling) to and from school decreased from 5.6 to 4.0 in 16 years time. The proportion of youth participating in only one physical education class per week increased from 35% to 61%. The single positive result was that participation in school sports increased from 0.9 to 1.4 days per week in the period.
Out of the 9 studies reviewed, 6 detected that PA is decreasing in children and adolescents. It is also important to highlight that cohort studies have also shown that PA tends to be declining during adolescence, particularly from 15 years onward. 41 Two studies showed stabilization in PA levels, and only 1 detected an increase in PA participation.
Adolescents and Children-Physical Fitness
Seven articles investigated temporal trends in physical fitness among children or adolescents. Two of these were carried out in the US, 2 in Sweden, 1 in Denmark, and 1 in Australia. The remaining study included 11 countries. Age ranges varied considerably across studies. The most frequent component of physical fitness was aerobic capacity, usually expressed as the maximum oxygen uptake.
Westerstahl and colleagues 42 compared physical fitness data of adolescents age 16 years between 1974 and 1995. In 3 of the tests (aerobic capacity, abdominal resistance, and arm resistance), the performance decreased from the first to the second examination. Two-hand lift was the only component of physical fitness that improved over time in both sexes. Also in Sweden, Ekblom and coworkers 43 compared the physical fitness of students age 10, 13, and 16 years between 1987 and 2001. Maximum oxygen uptake was reduced in boys and no differences were observed for girls. Results of the vertical jump test were also worsened among boys between the first and second evaluation, whereas such a decline was not observed among girls. Sit-ups declined in both sexes.
Wedderkopp and colleagues 44 evaluated temporal trends in physical fitness in a 12-year period between 1986 and 1997/8. Among boys, maximum oxygen uptake declined over the period. No differences were observed among girls. US Community Guide 52 was a first step in this direction, and the effort to test the applicability of such results in the Latin American scenario 53 should be highlighted. More importantly, PA surveillance must be strongly encouraged in all settings and age groups. Special attention must be paid to low-and middle-income countries, where PA surveillance is virtually inexistent. than temporal trends. Cohort studies are ideal for evaluating tracking of PA or the effect of past exposures on current health status, but not temporal trends. A positive aspect of our review is that a systematic process was used to obtain the relevant articles. Reference lists of selected papers were examined and further studies were incorporated. Finally, the inexistence of a review on this specific topic on a global scale is a literature gap that our paper aims to fill.
Before interpreting the results of our review, one should note that comparability across PA studies is challenging. The definition of the relevant variable varied considerably, ranging from PA data based on questionnaires to physical fitness data based on aerobic tests. We tried to minimize such incomparability by separately examining trends on PA and fitness.
The data currently available in the literature on temporal trends of PA in adults shows, on one hand, that leisure-time activity levels tend to be increasing over time, whereas on the other hand, occupational-related PA is decreasing over time. The mechanization of labor is probably responsible for the observed declines in occupational PA. The reasons for the apparent increase in leisure-time PA are less clear cut. There are several possible explanations for such a finding: (a) the increase may be a consequence of population awareness of the benefits of PA for health; (b) the increase may be explained by a compensatory effect (because people are wasting less energy in other domains, particularly occupation, they are using their free time to compensate this lack of energy expenditure); (c) the increase may be related to environmental improvements toward PA practice that were actually demonstrated in some settings. It is essential to highlight that the scenario described here in terms of PA trends in adults is probably true only for high-income countries. Extrapolation of these findings to low-and middle-income contexts should be made with care.
Differently from the findings of adults, youth PA seems to be decreasing over time, including a lower level of activity in physical education classes. As a consequence, fitness levels are also declining. This is a very worrying finding, because there is evidence that PA tracks from childhood and adolescence to adulthood. 49 Such a decline may be 1 of the causes of the observed epidemic of obesity in low-, middle-, and high-income countries. 50, 51 Although research on older adults has substantially increased in recent years, the literature on temporal trends of PA in this age group is still virtually inexistent. Efforts of PA surveillance should consider monitoring PA of people from all ages, including older adults.
Conclusion
Regardless of the observed increases in leisure-time PA among adults, activity levels are still low worldwide and in all age groups. It is time for PA interventions and it is essential to map the effectiveness of such strategies. The
